Stumtmiiary. The mitochondria isolated from dark-grown mtung bean hypocotyls oxidize succinate, L-malate, and externally added reduced nicotine adenine dinucleotide (NADH) with good respiratory control. While the pattern of respiration resembles that of animal mitochondria, there are 4 basic differences between the respiratory properties of mung bean and animal mitochondria: A) the ability to oxidize NADH, B) the pattern of succinate and malate oxidation, C) the rate of oxygen uptake, and D) the adenosine-5'-diphosphate to oxygen ratios.
respiratory control, and intactness of mitochondria [cf. Chance and \Villiams (10, 14) ]. Mitochon- drial preparations which show a high degree of both coupling and respiratory control have been isolated from various plant sources by Bonner et al. (4) (5) (6) 40) , , Hanson et al. (17) , WNiskich et al. (41) , Verleur and Uritani (35) (36) (37) , and by Lance et al. (19) . The purpose of this publication is to describe the method of isolation and characterize some respiratory properties of these mitochondria and to compare them with those of animal mitochondria.
Tn the present study, mung bean hypocotyls (Phlseolus aiureuts, var. Jumbo) were selected as the source of mitochondria (cf. 2, 4, 16, 22, 23) , due to ease in obtaining uniform etiolated plant material in a short period of time. Succinate and malate were chosen as primary substrates; the former to represent the succinoxidase system and the latter, the NAD-linked oxidase system. NADH was also 1 This work -,vas supported by a grant from the National Science Foundation. 2 Present Address: Department of BotanY, University of Michiigan, Anln Arbor, Michigan. to that of animal mitochondria, higher cause some decrease in its stimulating included as a substrate since untusuial characteristics of plant mitochondria were displayed tupon oxidizing this compound with respiratory control.
In the publication to follow, effects of inhibitors and uncouplers on plant mitochondrial respiration will be discussed.
Methods
MIitochondria were isolated from dark-grown mung bean hypocotyls from 4 to 5 days old, in the late exponential to early stationary phase of hypocotyl growth. The seedlings were germinated and grown on perforated alumintum holders suspended in plastic trays containing tap water. The growth chambers were maintained at 280, and all white light was rigidly excluded. After separation from roots and leaves, the mung bean hypocotyls were cut into sections 2 to 3 cm long. The cut sections were then ground for 30 seconds in a mortar and pestle with 100 to 200 ml of grinding medium maintaining a ratio of medium to tisstue of 2. During these steps, the pH of the homogenates was maintained at 7. I6LANT PHYSIOLOGY After filtering through mulslin, the homogenate was centrifuiged for 15 n minu1tes at 100() X y; the resuilting supernatant fraction was then centrifuiged for 15 minuites at 10,000 X gl. The mitochoncdrial pellet was washe(d in a mediuim consisting of 0.3 Am mannitol, 0.1 % BSA, and 0.1 mm EDTA. After a 10-minuite centrifuiging at 250 X gj, the mitochondria were sedimented at 6000 X gj for 15 minuttes. The suiperniatanit flulid is most conveniently removed from the sedimented mitochondria by aspiration; it is very important to remove all of the fluiffx material layered on top of the mitochondria and( to gently separate the mitochondrial pellet from the starch which is immediately below it. About 2.5 kg etiolated, 5-day-old hypocotyls will produice approximately 1.; ml of high-quiality mitochondria containiing arou1n(l 150 mg mitochondrial protein.
As for comparison with the data obtained from mtung bean hypocotyl mitochondria, rait liver mitochondria were also prepared with a coinventional 0.25 M suicrose method (cf. 10, 34 sults of one stuch experiment, indicates that in terms of total mitochondria sedimented and of respiratory control, 6000 )( g is the optimal force. The results fturther point out the insertion of a low speed spin (250 X g for 10 min) is highly important to improve the mitochondrial quality.
TIn investigations of castor bean mitochondria (1), it was shown that the activity of the isolated mitcchondria varied with the age of the plants. For this reason, the activity of mtlng bean hypocotyl mitochondria was investigated as a fuinction of the age of the seedlings used (fig 1) . There are negligible differences between mitochondrial activities, ADP :O ratios, and respiratory control ratios in mitochondria isolated from tisstues 3 throtugh 15 days old. No attempts were made to follow activities past 15-day-old seedlings. Since the age of the seedlings seemed unimportant, 5-day-old seedlings were used becatuse of desirable planting schedules and ease of hiandling.
The properties of tight coupling and respiratory control lasted for some hours after the mitochondria were isolated. Figture (12, 14) . Under the identical assay procedure, rat-liver mitochondria ( fig 3D) do not show the peculiarities discussed above. Some animal mitochondria, however, reveal a characteristic similar to plant mitochondria uponi aging (9). These observations suggest that mulng bean mitochondria are cotupled, but their respiratory properties are somewhat different from those of animal mitochondria (4, 40 Mitochondria, ADP, and substrate were successively added to the reaction cuvette, and the initial rate of oxygen uptake after stubstrate addition was measured. The difference in rate before and after the substrate addition is plotted in figure 4 . The apparent Michaelis constants ('Km') for stuccinate, malate, and NADH are 0.4, 3.0, and 0.07 mM, respectively.
It should be pointed out that the 'Km' for succinate of these mitochondria agrees closely with the data in the literature for Keilin-Hartree heart muscle preparations and for purified succinic dehydrogenase (7, 18, 29, 30, 32 These valuies were, however, subtracted from the rates measured after phosphate addition in figure 5 . The apparent Michaelis constants are 0.2 mm with all of the substrates used. These values compare fairly well with that obtained by Chance and Hagihara (9) for both succinate and endogenouls NADH oxidation by pigeon-heart mitochondria. The 'Km' for phosphate with rat-liver mitochondria was reported as 1 mm (8) .
Effect of ADP Concentrations on State 3 Rates. periments, and the sequence and timing of the additions of mitochondria, substrate, and ADP to the reaction cuvette is the same as shown in figure  3 . The rates of oxygen uptake detected prior to ADP addition were 24,16, and 37 uM 02/minute for the oxidation of succinate, malate, and NADH, respectively.' These values were subtracted from the rate after ADP addition and plotted in this figure.
As the ADP concentration increases, the rate of oxygen uptake by mitochondria increases sharply at first, reaches a maximum value at 100 to 200 ,M, then decreases gradually at higher concentrations (figs 6A, 6B 
